X-ray crystallography has shown that the free acids of adenoslne 5'-and 3'-monophosphates and of cytidine 5'-and 3'-monophosphates exist as zwitterions in the solid state with protonation of the adenine base at the N(l) site and of the cytosine base at the corresponding site N(3) and the phosphate group negatively charged. In this paper, evidence is presented for the zwitterionic character of the free acids of the monomeric nucleotides guanosine S'-monophosphate and inosine 5'-monophosphate with protonation of the base at the N(7) site of the imidazole moiety.
longer than the unprotonated P-0~ distance and P=O distance (1.493 + 0.010 A ) .
Also, the valence angles between the oxygens sharing the negative charge (~0-P=0 0=P-0~) is usually the largest one (117.7 + 1.5°), the others being less than the tetrahedral angle (106.5 + 2.5°) except one, the H(0)-P=O or (H)0-P-O~ angle, which is about 112.3 + 1.0".
In this paper, we deduce the zwitterionic character of the free acids of guanosine and inosine 5'-monophosphate from the published X-ray structures where this important point was overlooked (see Fig. 1 ) . We find that the evidence strongly points to the base protonation at N(7) of the imidazole moiety and consequent ionization of a phosphate proton. This conclusion is further corroborated by our determination of the crystal structure of the free 3',5'-cyclic inosine monophosphate monohydrate (cIMP) in these laboratories (10, 11) , which exists in the zwitterionic form with N(7) protonation, and by the recent crystal structure determination of the free 3',5'-cyclic guanosine monophosphate monohydrate (12) , which is also protonated at N(7) of the base.
RESULTS AND DISCUSSION
The mean bond distances and bond angles in protonated and nonprotonated Table) . The similarity of the geometrical parameters of (b) to (a) indicates that the base of 5'-IMP is also protonated at N(7). In (a), the strong hydrogen bond between the anionic phosphate oxygen and the protonated N(7) nitrogen is shown. In (b) again, the N(7) participates in a donor hydrogen bond to a water oxygen atom. In the original paper (14) , N(7) was acting as an acceptor instead, since N(7) protonation was not suspected.
(AMP, CMP, GMP) of the nucleic acids (DNA and ENA) in the free acid form exist as zwitterions in the solid state.
To date there is no data available on the crystal structures for either the free acid of thymldine 5'-monophosphate (TMP) or the related uridine 5'-monophosphate (UMP). TMP and UMP differ from the other common nucleotides in that they do not have sites available for protonation on the base ring. However, it may be yet possible for these bases to be protonated at one of the Bond distances and bond angles in the imidazole ring of (a) cGMF (12), (b) 5'-GMP (13), and (c) neutral guanine base (mean values of the two structures, see table). The similarity of the geometrical parameters of (b) to (a) indicates that the base of 5'-IMF is also protonated at N(7). Again in (b), a possible hydrogen bond between the protonated N(7) nitrogen and a water oxygen atom is indicated. This hydrogen bond was not discussed by the original authors (13) . 
